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A B S T R A C T   
The marine and coastal environment is an important economic asset in the UK, and there is a need for greater 
information about marine economic activities for the purposes of marine management and policy. However, due 
to the difficulties of quantifying some marine sectors and separating them from terrestrial activities, the current 
size and structure of the marine economy is unknown. This paper defines a systematic approach to quantifying 
the UK marine economy, aiming to capture all activities in the market economy that occur within and depend 
upon UK marine and coastal environments, and estimates its contribution to the UK economy as a whole. The 
approach draws on previous research in this area and links sectors used in marine planning with the method-
ologies used in national accounts. The results suggest that the marine economy contributes double the amount of 
previous estimates to the UK economy. Changes in the structure of the marine economy, partly due to the 
expansion of offshore wind energy, may affect its economic contribution. The results also show that marine and 
coastal leisure and recreation sectors, which were previously thought to have a small economic contribution, are 
the second largest sector in the UK marine economy and account for the largest number of jobs. By dis-
aggregating the economic sectors, the approach used here can underpin a marine natural capital approach, 
enabling economic activities to be linked with aspects of marine natural capital.   
1. Introduction 
The marine and coastal environment supports a number of economic 
activities in the United Kingdom (UK). In managing access to the marine 
area, policy-makers balance environmental objectives [1,2], with the 
government’s strategy for a lower carbon energy future [3] and indus-
trial strategy [4,5]. Economic use of the marine environment is therefore 
an important consideration in marine policy and marine planning in the 
UK [6,7]. However, there is still need for greater understanding of the 
contribution of marine economic sectors for the purposes of marine 
management [1,8,9]. Meanwhile, use of the marine environment is 
changing to include not only established industries such as fisheries and 
shipping, but also new activities such as marine energy, seabed mining 
and carbon storage. Marine economic activities are interconnected, 
occupying the same space and competing for the same resources, so the 
definition and measurement of these activities as one marine economy 
could therefore lead to improved marine management [8,10–12]. 
Research on the value of marine sectors in the UK market economy 
has been limited; several reports cover industries or regions [13–18], but 
many differ in approach, and there is only one estimate of the marine 
sector for the UK as a whole [19] using data for 2005. Since this time, the 
offshore wind sector has particularly grown, now supplying 9.5% of 
total UK electricity production [20], with licencing areas covering large 
areas of the marine environment. Although the economics of offshore 
wind energy differs significantly from other forms of electricity gener-
ation [14,21,22], the economic contribution of offshore wind to the UK 
economy as a whole is unknown. The contribution of marine leisure and 
recreational activities are also thought to be important for employment 
in coastal regions [6,8]. Despite this, leisure and recreation sectors have 
not been a focus of previous research, with coastal restaurants, historical 
sites, accommodation and sports omitted from previous estimates. 
Indeed, tourism activities rely on the aesthetic qualities of the envi-
ronment [23], but the reliance of marine industry on marine aesthetic 
resources has not been recognised in previous research on the marine 
economy. Therefore, the full extent to which coastal recreation con-
tributes to UK output and employment are currently unknown. 
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Input-output (IO) analysis is the foundation of economic policy- 
making in the UK, forming the basis of the Blue Book of UK national 
accounts [24]. It is an established approach for valuing the contribution 
of marine activities individually [14,25–29], and was used to estimate 
the size and structure of marine economies in Ireland, China and South 
Korea [30–33]. IO analyses are directly comparable to national ac-
counts, and can show the effect of activities upon employment and de-
mand in other economic sectors. Previous research in the UK has used 
IO-based approaches [19], but no studies have attempted to systemati-
cally measure the value of all economic activities in the marine area, 
disaggregate marine activities from published economic data, quantify 
the uncertainty in the estimate, or define a corresponding IO table. 
This study therefore aims to systematically define activities within 
the UK marine economy and quantify its contribution to the whole of the 
UK market economy. The approach uses IO analysis to estimate the size 
and structure of the marine economy, making extensive use of grey 
literature to disaggregate marine and non-marine activities. This work 
particularly focusses on the contribution of offshore wind and marine 
recreation to economic output and employment, building on previous 
research by not only including activities that rely on material or spatial 
use of the marine environment, but also on its aesthetic qualities. A full 
IO table then is defined for the marine economy and used to analyse its 
links with other non-marine sectors. The uncertainty in the estimate is 
also quantified. The paper continues as follows; Section 2 provides an 
overview of methods and data used in this analysis. Section 3 presents 
the results of the IO analysis and the estimated value of sectors in the 
marine economy. Section 4 discusses the results. Section 5 draws con-
clusions and discusses the implications of this research for policy- 
making in the UK. 
2. Methods and data 
The main steps to defining a marine economy follow an approach 
developed by Kildow & McIlgorm [34], having been previously applied 
to define the marine economies of Ireland [35] and China [36]. How-
ever, these steps do not state how to decide the sectors that should be 
included, nor how marine sectors can be disaggregated in economic data 
when marine activities are combined with non-marine activities in the 
national accounts. Kildow & McIlgorm’s approach is therefore adapted 
to include three additional stages needed for application in the UK; 
firstly, a literature review of marine sectors in the UK economy is carried 
out to generate a list of likely activities to be included and a decision rule 
is introduced to identify which economic activities are occurring in the 
marine area [23,37]. For the purposes of this research, the marine area is 
defined to include the seabed, water column, water surface and coastline 
immediately adjacent to the ocean (from marine plan inshore bound-
aries up to 1 km inland [38–40]), extending out to the limit of the UK’s 
Exclusive Economic Zone. This definition includes all estuaries and 
intertidal zones as defined by UK marine plans, with the addition of a 
coastal ‘strip’, so that marine economic activity on the coast are 
included, particularly recreation, shipping and port activities. Secondly, 
economic results are disaggregated into marine and non-marine com-
ponents, so that marine economic activities can be designated as sepa-
rate economic sectors. For example, production of offshore wind energy 
is aggregated with those of other electricity technologies in the national 
accounts [41], but offshore wind can be disaggregated into its own 
economic sector, allowing for further analysis. Thirdly, the uncertainty 
in the estimate must be quantified from the underlying data and grey 
literature. The full set of steps used to define the UK marine economy are 
given in Fig. 1 below. 
A literature review is carried out, and existing reports on the marine 
economy in the UK are compared, which are used to identify the broad 
economic sectors to be included. The way in which economic sectors 
interact with the marine and coastal environment is also mapped, 
following the method used by Klinger and colleagues [23]. For example, 
water transport relies on the marine surface and the coast, whereas 
Fig. 1. Systematic approach to defining the UK marine economy and marine IO Table.  
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fisheries also rely in the biotic resources of the ocean. A decision rule is 
then designed based on this mapping; an activity is part of the marine 
economy if it takes place within the marine area, requires a marine 
resource (biotic, abiotic or aesthetic) to produce goods and services, or 
relies on another marine sector to produce its goods and services. 
Economic activity is measured in total output and total gross value 
added (GVA); output of a sector is the total value of goods or services 
demanded from final and intermediate sectors in the economy, while 
total (direct and indirect) GVA is the sum of output minus intermediate 
consumption. This estimate uses IO tables for 2014, the most recent 
available from the Office for National Statistics (ONS) [41]. All other 
data sources and indicators used in the estimate are also for 2014, and a 
full list of the resources used to determine this estimate are given in the 
Supplementary Material. This study primarily uses the Annual Business 
Survey (ABS) standard abstract [42] and the Financial Analysis Made 
Easy (FAME) database [43], containing financial results of individual 
companies, to supplement the economic data provided by IO tables. The 
sectors of the UK IO table are based on four-digit Standard Industrial 
Classification (SIC) codes, a system used to classify business activities in 
the UK. The particular SIC codes to be included for each economic ac-
tivity in the marine area is analysed through review of the relevant 
literature and applying the decision rule noted in Fig. 1. The different 
stages of production for some economic sectors are then separated out so 
that each stage of production can be disaggregated in the IO table. For 
example, the fisheries sector might include the harvesting of the 
resource (fishing) as well as fish processing and fish sales, but these 
stages of production are separate economic sectors and are recorded as 
such in the IO table. 
The number of people directly employed in each marine sector is 
calculated. The number in employment is used, rather than other mea-
sures such as jobs or fulltime equivalents (FTE) so that results are 
comparable to EU employment. Employment is defined following that 
used in the UK Labour Force Survey (LFS); anyone aged 16 or older who 
carries out at least an hour of paid work in the week prior to the survey, 
or has a job from which they are temporarily absent [44]. This mea-
surement is comparable with that of Eurostat, the only difference being 
that the EU commonly report employment figures for those aged be-
tween 15 and 64. Employment figures for the UK marine economy are 
estimated from the LFS [45], with employment detail by sector esti-
mated using the Business Register and Employment Survey (BRES) [46] 
and the ABS (which contains the BRES data disaggregated by SIC code). 
Several sources are required because although the LFS provides the 
closest estimate of employment in the UK economy, the BRES and ABS 
provide more detail on employment by industry [44]. These data sour-
ces differ in methodology. Firstly, unlike BRES, the LFS includes public 
sector workers and the self-employed. Secondly, BRES data gives a 
point-in-time estimate of employment whereas the LFS estimates a 3 
month average. Lastly, since the LFS is a household survey and BRES is a 
business survey, there may be differences between how people describe 
the industry in which they work and how that business is formally 
classified [44]. These methodological differences are considered when 
estimating the employment for each marine sector; public sector 
employment is excluded from the marine sectors, self-employed people 
are included, and variance per sector according to the different survey 
sources are included as part of the uncertainty analysis. 
IO tables are published at a highly aggregated level. For example, 
marine aggregates are part of SIC code 0812 only, but in the IO table it is 
aggregated with 0811, 0891, 0892, 0893 and 0899 to form high level 
SIC 08 [41,42]. These unrelated activities must therefore be separated 
from the aggregated data since they contain no significant marine 
component, and the Annual Business Survey (ABS) is used to do so. 
Although the ABS is less aggregated, it provides economic data in terms 
of turnover and approximate GVA (aGVA) rather than total output [42]. 
The SIC codes for each economic activity in the marine area must 
therefore also be linked to the higher level of aggregation in the IO table 
and the approach to this is outlined in the Supplementary Material. The 
proportion of economic output in each SIC code that relate to activity in 
the marine area, which we will call marine activity ratios, are then esti-
mated using a mixed set of indicators. For example, the marine activity 
ratio for crude petroleum can be based on the volume of it extracted 
from marine sources in the UK [47]. Similarly, the marine activity ratio 
for coastal accommodation can be based on the number of overnight 
stays reportedly taking place at coastal hotels [48,49]. One significant 
factor in the definition of the marine economy is important to mention 
here – the landside border of marine economic activity must be carefully 
considered when distinguishing the contribution of the marine economy 
from the non-marine sectors. In marine planning for the UK, parts of 
inland or non-marine economic sectors are included where they fall 
within the marine plan area, i.e. on the coastal margins [50]. We have 
followed this approach and include the SIC codes of coastal activities on 
the marine landside border within the estimate of the marine economy. 
The inputs to production of sectors in an economy are fundamental 
to IO analysis. Inputs to production take the form of imports, taxes, 
compensation to employees, financial capital, and inter-industry inputs 
from other sectors in the economy [51], and the proportionate value of 
inputs varies for different economic activities. It is important to consider 
the ratio of inputs required for marine activities specifically, where they 
differ from their economic sector within the IO table, so that this can be 
used to define the marine IO table. Many marine activities are aggre-
gated with non-marine activities of a similar nature. For example, the 
accommodation sector on the coast is included within the accommo-
dation sector for the whole of the UK, and a hotel on the coast has a 
similar business model to that of one inland; the marine and non-marine 
parts of the sector are technologically similar (though some small dif-
ferences may exist). Therefore, the inputs for sectors in the marine 
economy may remain proportional to those in the aggregated sector. 
One notable exception is that offshore wind energy is aggregated with all 
other forms of electricity generation, which are technologically dis-
similar in that they require different proportions of inputs. For example, 
electricity generated from gas turbines requires a proportionally higher 
value of imports than electricity generated by offshore wind [52], and 
uses natural gas produced by intermediate industries [41], whereas 
wind energy does not. The proportion of inputs to production are ana-
lysed, in particular the supply of products from intermediate industries, 
compensation to employees [53] and imports [54] for offshore wind and 
natural gas. Intermediate industry use, compensation to employees and 
imports are updated for electricity products, and further details are 
given in Supplementary Material. 
IO sectors are disaggregated using proportional weights, and in this 
research, we will call them the marine output weights, which are calcu-
lated using the total output per IO sector, ratio of inputs, marine activity 
ratios and ABS data. For example, 8% of UK non-metallic minerals 
extracted in 2014 (SIC 08) were from marine sources [47,55,56], so the 
marine activity ratio for marine aggregates is 8%. Once the marine 
output weights of each sector are known, relevant sectors in the IO table 
can be disaggregated into marine and non-marine components. The 
scaling factor approach is used to disaggregate the marine economy as 
described by Lui, Lenzen & Murray [57] and Wiedmann et al. [58] and 
the disaggregation algorithm is implemented using Python 3. The ma-
rine output weights are given in Table 2 (Section 3.2) and full details of 
this calculation are given in the Supplementary Material. 
Multiplier analysis is used to analyse the effects of a sector across the 
wider economy. IO output multipliers show the amount of direct and 
indirect output for each sector that would be necessary to satisfy one 
additional unit of final demand [51]. GVA multipliers similarly show the 
value added by a sector from one additional unit of final demand. 
Multipliers are published alongside IO tables [41], but are recalculated 
for sectors where the proportion of inputs were estimated. The equations 
for these multipliers are given in the Supplementary Material, and are 
consistent with those given by the ONS [41]. 
Finally, uncertainty in the economic data is calculated using the 
approach by Lenzen, Wiedmann and colleagues [59,60], using the 
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standard error or the coefficient of variation1 of each underlying data 
source, with further details given in the Supplementary Material. Un-
certainty in the estimation of each marine sector can come from three 
main sources; the underlying data used to produce the published UK IO 
tables, the turnover and employment figures given by the Annual 
Business Survey (ABS) and the data sources used to determine the 
weight of output for marine activity in each SIC code. The standard error 
for each SIC code is determined from the underlying data, where it is 
available, and used to calculate a standard error for the marine econ-
omy. Where the uncertainty of the underlying data could not be quan-
tified, an estimated standard error is included to represent the low 
confidence in this data source. The number of supressed values in the 
underlying data is also measured. 
3. Results 
3.1. Sectors in the marine economy 
Existing literature on the marine economy in the UK are compared 
[13,15–19,50,61], and used to identify the broad economic sectors in 
the UK marine economy. A summary of these sources, and comparison to 
the sectors used in this study, are given in Table 1. The way in which 
marine economy sectors interact with areas of the marine and coastal 
environment in the UK was also reviewed, in terms of space and resource 
use, which corresponds with part of the decision rule shown in Fig. 1. 
The detail of both these reviews are provided in the Supplementary 
Material. 
Two sectors from the literature review are omitted from this study by 
applying the decision rule noted in Fig. 1; licencing activities generate 
government revenue so is a public (non-market) sector, and the marine 
environment is a marine plan sector but has no corresponding economic 
activity so is excluded. There are no economic results for the emerging 
deep-sea mining and carbon storage sectors, so these activities are 
omitted from further analysis. Wave and tidal energy are found to have a 
negligible economic contribution in the UK and so are omitted from 
further analysis. Marine manufacturing and equipment, including 
equipment produced for use in other industries and its installation, is not 
defined as a distinct economic sector in this analysis because these ac-
tivities are captured as intermediate industries in the IO table. The 
number of different recreation and leisure activities that are included 
within the marine economy was broadened from the approach by Pugh 
[19] to include accommodation, sport, museums, historical sites, food 
and drink, in line with the approach recommended for marine planning 
[50]. 
3.2. Output and employment in the marine economy 
The UK marine economy is estimated to have an output of £192 
billion in 2014, representing 6.1% of total output in the UK economy 
[41]. The standard error for this estimate is � £13 billion, with a coef-
ficient of variation of 6.7%. Though some sectors have higher levels of 
uncertainty, these sectors are relatively small, and so there is reasonable 
confidence in the overall estimate in output of the marine economy. The 
outputs of marine economy sectors are shown in Fig. 2, where the error 
bars indicate 95% confidence interval, or 2 standard deviations. Sectors 
of the marine economy also supported 823,500 direct employees in 
2014, representing 2.7% of UK employment [46,62]. However, this es-
timate has a high level of uncertainty; the standard error for this esti-
mate is �206,030, with a 95% confidence that the number of people 
employed in the marine economy represent between 2.0% and 3.3% of 
total UK employment. The output and number of people employed in 
each sector is given in Table 2. 
Economic activities related to oil and gas in the marine area, 
including extraction, refining, distribution and electricity generation by 
natural gas turbines, represent the largest sector in the marine economy. 
A significant finding of these results are that marine leisure and recre-
ation sectors are the second largest contributor to marine output in the 
UK, and is the largest sector in terms of employment. Shipping opera-
tions are the third largest sector. The estimated output of non-public 
marine defence spending (i.e. private contractors to the Ministry of 
Defence) is small, but also highly uncertain. The uncertainty arises 
because data on private sector defence spending is suppressed in the ABS 
and the estimates are based on turnover of defence businesses in the 
FAME database, which is difficult to reconcile with IO output. Public 
sector spending on defence is not included in this estimate of the marine 
economy, but it would be similarly difficult to estimate because defence 
spending is suppressed in governmental reporting. 
3.3. Value adding effects of the marine economy 
The UK marine economy has an estimated GVA of £132 billion, 
which represents 8.1% of total UK GVA in 2014 [63]. The GVA 
contributed by each sector are given in Table 2. This is higher than the 
proportion of marine economy output to total UK output, and can be 
explained by the higher value-adding effects of marine economic ac-
tivities compared to the rest of the economy. The productivity of the UK 
marine economy (total GVA per persons employed) is estimated to be 
£160,437 per person, while the direct productivity (direct GVA per 
persons employed) is £85,400. After combining the uncertainty for 
employment and GVA, the standard error for total productivity is � £45, 
500 per person, and � £24,200 per person for direct productivity. 
Further detail of direct and indirect GVA is given by sector in Table S10 
(Supplementary Material). 
Disaggregating the electricity sector reveals that electricity gener-
ated from marine fossil fuels has the highest output multiplier in the UK 
marine economy, while offshore wind energy has the second highest 
multiplier. However, offshore wind energy has a lower output multiplier 
than other forms of electricity, meaning that it causes lower demand for 
output in other industries. This is because it does not use as many in-
termediate industry inputs such as coal, gas or oil. Offshore wind also 
has a lower GVA multiplier, meaning that for each unit of demand, fewer 
value-adding inputs are used to produce it. However, examining the 
detail of this result shows that offshore wind has a higher estimated 
effect on employee wages than other forms of electricity, with 
compensation of employees comprising 11% of offshore wind inputs, 
compared to 4% for electricity for marine fossil fuels. The output and 
GVA multipliers for marine energy are given in Table 3 below. 
3.4. Comparison to previous estimates 
The results show that the GVA of the marine economy as a proportion 
of total UK GVA (i.e., 8.1%) is double that of previous estimates (4.1% in 
2005 [19]). The number of jobs provided by the marine economy is 
estimated to be much higher than the figure of 113,000 estimated in 
2012 [61] and lower than that of 890,000 in 2008 [19]. However, as 
noted earlier, the systematic approach used in this research includes a 
broader set of SIC codes than were used to those produced previous 
estimates. To reconcile the differences in output and compare these new 
results against the previous estimate of marine sectors, a set of compa-
rable figures is calculated which uses the same SIC codes as Pugh [19]. 
The total contribution of each marine sector to total UK GVA in 2014, 
the comparable figures for 2014, and the results produced by Pugh for 
2005 [19] are given in Fig. 3 below. 
On a comparable basis, the marine sectors in 2014 contribute 4.2% to 
total UK GVA, and this is in line with the 4.1% estimated by Pugh for 
2005. Marine oil and gas are the largest sector in all estimates of the 
marine economy, but the estimate is larger in this research because 
economic activities such as distribution, refining and electricity 
1 Coefficient of variation is the standard error of a variable divided by the 
corresponding survey result [42]. 
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generation are included. The inclusion of a more comprehensive selec-
tion of marine leisure and recreation sectors make it the second largest 
marine economy sector, contributing 1.2% to GVA in 2014. Downstream 
marine fishing sectors, such as wholesale and retail sales, are similarly 
included bringing the total contribution of marine fishing and aqua-
culture to 0.3% of GVA. 
4. Discussion 
This comprehensive analysis shows that the marine economy ac-
counts for a much larger proportion of the UK economy than previously 
thought, comprising an estimated 8.1% of GVA and 6.1% of output. The 
total GVA productivity of the UK is £53,287 per person employed, or 
£55,943 in non-public sectors [41,45], which suggests this estimated 
productivity of the marine economy is three times that of the UK 
average. This high productivity is related to the low share of employ-
ment in the marine economy (2.7%) when compared to its share of GVA 
(8.1%). The productivity of the marine economy is higher than the UK 
average because approximately 60% of the marine economy GVA is 
provided by industries that have a high UK productivity, such as marine 
oil and gas, shipping or business services [64]. Moreover, productivity 
estimates for the UK marine economy can be benchmarked against those 
of the EU’s Blue Economy report; direct productivity of the UK marine 
economy by this estimate is £85,400, which is modestly higher than that 
calculated for the UK Blue Economy of £71,130 [65]. However, the EU 
estimate exclude the higher productivity industries of finance, charter-
ing, shipping insurance, research and electricity generation, which are 
included as part of this estimate. 
The analysis shows how the structure of the marine economy has 
changed since 2005; although oil and gas is still the largest sector, its 
output has declined while the offshore wind sector has grown. This 
changing structure of the marine economy continues to the present day 
and offshore wind energy generation doubled between 2014 and 2018 
[20]. These changes characterise the large-scale installation of offshore 
wind farms and a low carbon energy strategy in the UK. The results also 
show how overall an increased demand for offshore wind currently has a 
lower output effect on the wider economy than electricity generated 
from natural gas. A possible reason for this is that the majority of the 
offshore wind turbines are currently designed and manufactured in 
other countries such as Germany and Denmark [66]. The implications 
are that with the offshore wind sector continuing to expand, the UK 
economy will see a slightly lower value-adding effect from these tech-
nologies in the short term. However, the construction phases of offshore 
wind farms have very different economic effects from their operation 
phases [67], and the economic contribution of offshore wind might 
continue to change during the next decade as wind farms are built [68]. 
On the other hand, as the UK has the best offshore wind resources in 
Europe and strong support for offshore wind, many of the turbine 
manufacturers are planning or projected to start or expand their 
manufacturing in the UK and new innovative technologies are expected 
to emerge [66]. This could potentially increase the value-adding and job 
creation effects from offshore wind. The static IO analysis used here may 
overstate the value-adding effects of temporary expenditures during the 
construction phase of offshore wind farms [14] currently and understate 
those of increasing domestic manufacturing in the future. Further 
development of this approach using a semi-dynamic IO table could 
mitigate these effects and be used to analyse the ongoing changes in the 
structure of the marine economy. 
Recreation and leisure activities are a significant sector in the marine 
economy, the importance of which has been overlooked in previous 
research on the market economy. Leisure sectors represent a significant 
portion of marine output, and provide 26% of the jobs in the marine 
economy, more than double that of the largest sector (oil and gas). 
However, the provision of recreational activities is partially dependent 
on environmental factors, such as scenic merit [69,70], water quality or 
safety [71,72], and minimal user congestion [73]. The extent of 
Table 1 
Sectors included in the marine economy.  
Broad economic category Pugh 
[19] 
ONS & MMO 
[50] 
Morrisseyh 
[13] 
Maritime UKi 
[15–17] 
Seabed Users Group & APBMer 
[18] 
Included in this 
study 
Aggregates ✓ ✓   ✓ ✓ 
Fishing and aquaculture ✓ ✓a ✓a   ✓ 
Oil and gas ✓ ✓   ✓ ✓ 
Ship or boat building and repairs ✓  ✓ ✓  ✓ 
Shipping operations ✓ ✓ ✓ ✓  ✓ 
Ports ✓ ✓b  ✓  ✓ 
Navigation and safety ✓   ✓  ✓ 
Renewables ✓ ✓  ✓ ✓ ✓ 
Submarine cables ✓ ✓   ✓ ✓ 
Construction ✓  ✓   ✓ 
Leisure and recreation ✓j ✓c   ✓g ✓ 
Business services ✓   ✓  ✓ 
Research and development ✓     ✓ 
Education and training ✓     ✓ 
Defence ✓ ✓    ✓ 
Marine manufacturing and 
equipment 
✓  ✓    
Public sector licence and rental ✓d      
Marine environment ✓e ✓f     
Deep sea mining     ✓  
Carbon capture and storage     ✓   
a Fishing and aquaculture presented as separate sectors.. 
b Ports combined with shipping. 
c Marine recreation and coastal tourism are separate categories, but it would be difficult to separate these categories in economic data (MMO, 2014). 
d Turnover is government spending rather than market output. 
e Includes environmental consulting, which is more fitting as a business service category. 
f ONS note that no economic data fits in this category, but conservation areas and sites of scientific interest are designated in marine plans. 
g Recreational boating only. 
h Includes sectors for England only rather the entire UK. 
i Prepared for Maritime UK by Oxford Economics (2013, 2015) and CEBR (2017). 
j Water transport, tours and sport included. Accommodation, food, drink and other recreation omitted. 
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recreational activities such as fishing or wildlife watching also correlate 
with the quality of the marine ecosystem [74]. The provision of these 
qualities compete with other activities in the marine area, particularly 
shipping, fishing, aggregate dredging and renewable energy when they 
produce pollution or traffic, harm habitats, or obscure scenic views. The 
trade-offs between spatial and aesthetic marine resource should there-
fore be an important consideration in marine planning activities, 
because marine recreational services can contribute not only to human 
health and wellbeing [75–78], but also significantly to the economy. 
Marine fishing and aquaculture contributes a very small proportion 
Table 2 
Marine economy of the UK in 2014.  
Broad sector Marine sector Marine output weight Output, 
£m 
GVA, 
£m 
People Employed, 
000s 
Marine oil & gas Distribution of marine gas 99% 36,359 22,182 50.0 
Electricity from marine oil and gas 44% 28,335 16,313 31.9 
Marine extraction of oil and natural gas 97% 28,196 25,018 15.6 
Refining of marine crude oil 67% 17,292 3819 8.0 
Support activities to marine petroleum 97% 4389 3715 25.3 
Total marine oil & gas  114,571 71,048 130.8 
Marine leisure & recreation Coastal restaurants, food and drink 21% 17,501 13,737 304.1 
Coastal accommodation 21% 5690 4392 78.4 
Sport on water 15% 1047 820 74.6 
Marine water transport rental 1% 376 328 2.9 
Tours and tour operators on water 2% 263 240 1.4 
Marine and maritime museums 3% 159 139 1.1 
Total marine leisure & recreation  25,037 19,655 462.5 
Marine shipping Marine water transport 98% 17,610 13,754 17.7 
Marine business services Maritime insurance and chartering 6% 5092 4111 6.5 
Marine legal services 6% 2023 1884 3.5 
Accounting for marine industries 7% 1214 1125 0.4 
Total marine business services  8330 7121 10.4 
Marine fishing & aquaculture Marine and coastal fishing and aquaculture 95% 1829 1206 11.8 
Fish processing 31% 2857 2153 16.0 
Wholesale of fish 1% 919 747 14.2 
Retail of fish <1% 87 76 3.3 
Total marine fishing & aquaculture  5693 4182 45.4 
Marine ship or boat building & repairs Marine ship and boat building 94% 4133 3016 37.1 
Marine repair of boats or ships 94% 818 649 13.1 
Total marine ship building & repairs  4953 3665 50.2 
Submarine cables Submarine cables 10% 4787 3628 18.5 
Marine construction Marine civil engineering 1% 3236 2588 39.4 
Offshore wind Offshore wind 3% 2627 1950 8.7 
Marine R&D Research in the ocean 6% 2272 1852 7.1 
Environmental consulting 1% 233 196 0.3 
Ports Marine cargo handling 7% 2444 2081 22.6 
Marine aggregates Marine aggregates 8% 366 281 0.9 
Marine defence Defence activities on coast and sea 9% 123 100 8.0 
Marine education Marine education and training <1% 22 21 0.9 
Total marine economy  192,303 132,165 823.5  
Fig. 2. Output of marine economy sectors in the UK for 2014.  
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of total GVA in the UK, but its effect is likely to be important in coastal 
regions; indeed, fresh seafood is landed in ten port towns in England, 
eighteen in Scotland, and one each in Wales and Northern Ireland [79]. 
Yet, this research estimates that the fishing and aquaculture sector is the 
fourth largest employer in the UK marine economy. In addition, fishing 
is a primary industry, with many other service sectors relying on its 
goods in order to produce their own, and this is reflected by the high 
output multiplier compared to other industries in this analysis. Further 
analysis of the productive inputs of this sector would improve the evi-
dence base, and future work could include a hypothetical extraction of 
the fishing and aquaculture sector to analyse its importance as a primary 
industry in the UK and its significance to regional economies, which 
could be understated in this work. 
The total number of jobs in the marine economy estimated in this 
study differ significantly from estimates in previous research. It is not 
possible to reconcile these differences fully, but it seems mostly due to a 
difference in methodology rather than significant changes to employ-
ment in these sectors over time. For example, a more comprehensive set 
of marine leisure and recreation activities were included in this estimate, 
and as such, jobs from these sectors are included. Likewise, public sector 
jobs are omitted from this estimate because the focus of this research 
was on that of the market economy, but the public sector is expected to 
provide a large number of jobs in the marine area – for example the 
Royal Navy employs an estimated 35,000 in 2014 [80]. This research 
measured employment on the basis of average employees per annum, 
which might not be the best measure for sectors that have large pro-
portions of part-time, short-term or seasonal workers such as fisheries 
[79,81] or hospitality [82]. In addition, this analysis focuses on direct 
jobs, thus avoiding double counting, but this approach may understate 
the contribution that the marine economy has on employment in the rest 
of the economy. Additional analysis of indirect and part-time employ-
ment is likely to further emphasise the importance of the marine econ-
omy to employment in the UK. The nature of employment in the marine 
economy is also relatively unknown, though skilled jobs in offshore 
wind are expected to pay more [68], and the jobs in the UK recreation 
sector are more likely to be low paid [83]. 
There was a high level of uncertainty in the employment figures 
within this estimate, and analysis of the average compensation per 
employee in each sector yielded anomalous results, reflecting this un-
certainty. The employment figures provided by this estimate have a 
coefficient of variation (CV) of 12.7%, with accommodation and hos-
pitality sectors contributing most of the uncertainty for employment in 
the marine economy. This uncertainty impacts on the labour produc-
tivity estimates, which have a combined CV of 14.2%. One of the main 
causes of uncertainty is that sectoral employment declared by employees 
in the Labour Force Survey (LFS) can differ from those supplied by 
businesses in the Business Register and Employment Survey (BRES) 
dataset by as much as 42% [45,46]. In most instances, the sectoral result 
from the LFS is higher because it includes those who are self-employed, 
and captures a three month time frame which is likely to incorporate a 
Table 3 
Multipliers for marine economy sectors.  
Marine sector Output Multiplier GVA multiplier 
Electricity from marine petroleum 2.47 4.77 
Offshore wind 2.19 2.02 
Marine cargo handling 2.00 2.27 
Fish processing 1.98 2.17 
Marine and coastal fishing and aquaculture 1.88 2.12 
Marine water transport 1.87 2.15 
Distribution of marine gas 1.87 2.11 
Marine civil engineering 1.86 1.94 
Defence activities on coast and sea 1.81 2.04 
Marine ship and boat building 1.77 1.78 
Maritime insurance and chartering 1.75 1.94 
Sport on water 1.75 2.08 
Wholesale of fish 1.70 1.71 
Tours and tour operators on water 1.63 1.59 
Support activities to marine petroleum 1.62 1.57 
Retail of fish 1.60 1.50 
Marine repair of boats or ships 1.60 1.48 
Marine aggregates 1.59 1.52 
Marine and maritime museums 1.59 1.53 
Coastal restaurants, food and drink 1.57 1.51 
Marine extraction of oil and natural gas 1.57 1.48 
Coastal accommodation 1.55 1.49 
Marine water transport rental 1.55 1.47 
Environmental consulting 1.54 1.53 
Research in the ocean 1.49 1.44 
Submarine cables 1.41 1.36 
Marine legal services 1.39 1.31 
Accounting for marine industries 1.31 1.21 
Refining of marine crude oil 1.31 2.36 
Marine education 1.14 1.08  
Fig. 3. GVA of UK marine economy sectors as a proportion of total UK GVA.  
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number of casual or seasonal workers. However, the ABS and BRES 
datasets estimate the average number of employees in ‘Accommodation 
and food services’ to be 2 million in 2014 whereas the LFS result gives a 
lower estimate of 1.6 million employees on average over the year. 
Similarly, the number of employed people in administration and support 
services is lower in the LFS than in the ABS dataset by 1 million em-
ployees (42%). It is not possible to determine how much of these dif-
ferences are due to a broader sample methodology (including the 
self-employed) and how much is misreported (employees reporting 
their perceived job industry, whereas the business at which they work is 
registered in a different SIC code) [44]. Further analysis on the types of 
employment supported by the marine economy and employee remu-
neration would therefore be an important extension of this work. 
The uncertainty in this estimate of the marine economy was quan-
tified and the overall economic result was found to have a high degree of 
confidence. However, there are several sources of uncertainty in the data 
that could not be quantified; firstly where economic data is supressed, 
either to avoid disclosure of sensitive information when there are few 
businesses reporting within that sector, or for sensitive sectors like 
defence. This is a significant factor for consideration since it was found 
that 8% of turnover data points in the ABS between 2008 and 2017 had 
been supressed [42], meaning that the economic data was measured and 
is known, but not published. Secondly, there is uncertainty where an 
economic activity is within the production boundary but not measured 
due to survey non-response. For example, in the ABS if a business does 
not return its results in response [84]. Thirdly, there can be uncertainty 
due to measurement error, particularly when measuring a large number 
of transactions in a national economy. Finally, the data sources and 
surveys being used to determine this marine economy estimate were not 
designed originally for this purpose, uncertainty may also exist where 
data is provided at a different level of aggregation or with different 
definitions. For example, there is likely to be some unquantifiable degree 
of error in the estimates for coastal recreation, as tourism surveys used in 
this estimate ask participants whether they took part in activities ‘at the 
coast’ or at a ‘seaside town’, without defining these locations spatially. 
This might particularly underestimate activities in estuarine areas, 
which might not be perceived as coastal by survey participants. Simi-
larly, some marine and coastal activities at major estuaries or port towns 
(e.g. Thames, Avon and Mersey) might be understated because these 
activities occur further from the coastline than has been defined in this 
estimate. 
Several improvements could be made to this analysis beyond what 
has already been discussed. Analysing and updating the inputs to pro-
duction of additional marine economy sectors would give even more 
insight into the multiplying effects of these activities. Further analysis of 
exports that form part of the marine economy would also be an impor-
tant extension. Public data for productive inputs was scarce, but analysis 
of data available through the ONS’ Virtual Microdata Lab might yield 
more detail about these activities as it has for other pieces of research 
[13]. Estimating the output of public sectors in IO tables, such as 
public-sector defence, education and administration in the marine area, 
would also be of interest. The accuracy of this estimate will benefit from 
a continued increase in the available economic data, and increased 
knowledge of activities in the marine area as these become available in 
the future. 
5. Conclusions and policy recommendations 
This work systematically defines the economic activities occurring 
in, and dependent upon, the marine environment and disaggregates 
these activities from the UK national accounts, estimating that activities 
in the marine economy account for a much higher proportion of UK 
economy than was previously thought. This paper therefore demon-
strates the feasibility of an IO table for the marine economy, and has 
several important consequences for marine policy. 
Firstly, the estimate can provide a baseline for ‘blue’ growth 
initiatives and marine industrial strategy. Applying this systematic 
approach for future publications of IO tables will allow for temporal 
comparisons of economic activity within these sectors, while future es-
timates may use this approach to include emerging marine economy 
sectors. 
Secondly, the IO table and its multipliers indicate that offshore wind 
has a lower output and value-adding effect than other forms of energy in 
2014, but a higher effect on employee wages. This finding is significant 
in light of the UK’s strategic move to the production of low carbon en-
ergy. However, many offshore wind farms are still being constructed and 
the technologies are expected to be increasingly sourced domestically, 
so the ongoing effect of offshore wind on the economy should be 
continually evaluated. 
Thirdly, this estimate can form the basis of a marine natural capital 
approach because economic sectors are disaggregated which allows for 
economic activities to be linked with aspects of marine natural capital 
[23]. The natural capital approach links the condition of environmental 
assets with the socio-economic benefits they can provide to society, and 
is integral to policy-making in the UK, for example as part of England’s 
25 Year Environment Plan [1,85,86]. Emerging research approaches 
that integrate the economy with natural capital can show the impact of 
policy on the environment and on the economy [87], and are expected to 
improve the understanding of potential trade-offs between economy and 
the environment [88]. The implementation of the natural capital 
approach is still in its early stages, though there are plans to release 
natural capital accounts for the marine area [38,89], which would 
enable the link between natural capital accounts and marine economy 
sectors. 
Lastly, this estimate may improve the evidence base for marine 
planning and environmental impact assessments. Marine plans in En-
gland currently use baseline assessments for employment and GVA in 
marine plan areas [40]. However, there is a low level of confidence for 
some sectors, and one baseline study acknowledges that a detailed IO 
study of marine economic activities would clarify the contribution of 
marine plan sectors and the links between them [90]. Our systematic 
approach can therefore be used to improve upon baseline estimates for 
marine plans by providing updated estimates of IO multipliers. The 
marine IO table produced here can also be scaled to specific regions of 
the UK by applying a ‘location quotient’ approach [33,51], and therefore 
produce an estimate of GVA and output within marine plan areas to be 
used as an economic baseline. The economic sectors defined in this 
research are mapped to those used for marine planning and are given in 
the Supplementary Material. 
In conclusion, our systematic approach to estimating the effect of 
economic activities in the marine area could improve the body of evi-
dence used for policy and marine management. While there are some 
limitations, this estimate can help policy-makers and planners to further 
understand the economic effects of activities in the marine environment. 
Meanwhile, continued application of this approach may be useful to 
measure the effect of a changing structure in the marine economy, and 
understand its effect on employment. Future work could refine or update 
this estimate, apply it at a regional level, or incorporate the results into 
natural capital modelling so that trade-offs between economic output 
and natural capital production can be investigated. 
CRediT authorship contribution statement 
Emily Stebbings: Conceptualization, Methodology, Investigation, 
Visualization, Writing - original draft, Writing - review & editing. Eleni 
Papathanasopoulou: Conceptualization, Methodology, Supervision, 
Writing - review & editing, Funding acquisition. Tara Hooper: 
Conceptualization, Supervision, Writing - review & editing. Melanie C. 
Austen: Conceptualization, Supervision, Writing - review & editing. 
Xiaoyu Yan: Conceptualization, Supervision, Writing - review & edit-
ing, Funding acquisition. 
E. Stebbings et al.                                                                                                                                                                                                                               
Marine Policy 116 (2020) 103905
9
Acknowledgements 
This work was funded by a Natural Environment Research Council 
grant [NE/L002434/1], with additional support from the Marine Man-
agement Organisation (MMO). The authors wish to thank Aisling Lan-
nin, for providing comments on the final draft, and to the two 
anonymous reviewers for their valuable feedback on the manuscript. 
Appendix A. Supplementary data 
Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.marpol.2020.103905. 
References 
[1] Natural Capital Committee, Marine and the 25 Year environment plan. www.gov. 
uk/government/publications/natural-capital-committee-advice-on-marine-mana 
gement, 2019. 
[2] Parliament of the United Kingdom, Marine and Coastal Access Act 2009, 2009. 
United Kingdom, http://www.legislation.gov.uk/ukpga/2009/23/contents. 
[3] Department for Business Energy & Industrial Strategy, the Clean Growth Strategy: 
Leading the Way to a Low Carbon Future, 2017. https://www.gov.uk/go 
vernment/. 
[4] Hm Government, Industrial strategy tourism sector deal: building a world-class 
experience economy. https://assets.publishing.service.gov.uk/government/uploa 
ds/system/uploads/attachment_data/file/812943/tourism-sector-deal-web.pdf, 
2019. 
[5] Hm Government, Industrial Strategy, Offshore Wind Sector Deal, 2019. 
[6] L.D. Rodwell, S. Fletcher, G.A. Glegg, M. Campbell, S. Rees, M. Ashley, E.A. Linley, 
M. Frost, B. Earll, R.B. Wynn, L. Mee, P. Almada-Villela, D. Lear, P. Stanger, 
A. Colenutt, F. Davenport, N.J. Barker Bradshaw, R. Covey, Marine and coastal 
policy in the UK: challenges and opportunities in a new era, Mar. Pol. 45 (2014) 
251–258, https://doi.org/10.1016/j.marpol.2013.09.014. 
[7] G. Scarff, C. Fitzsimmons, T. Gray, The new mode of marine planning in the UK: 
Aspirations and challenges, Mar. Pol. 51 (2015) 96–102, https://doi.org/10.1016/ 
j.marpol.2014.07.026. 
[8] R. Kalaydjian, Maritime accounts in the European union: coping with limited 
information, J. Ocean Coast. Econ. 2 (2016) 1–31, https://doi.org/10.15351/2373- 
8456.1050. 
[9] Marine Management Organisation, Evidence strategy: 2015 to 2020 (Part 1). https: 
//www.gov.uk/government/uploads/system/uploads/attachment_data/file/52 
9963/MMO_Evidence_Strategy_2015-2020_-_Part_1.pdf, 2015. 
[10] J.C. Surís-Regueiro, M.D. Garza-Gil, M.M. Varela-Lafuente, Marine economy: a 
proposal for its definition in the European Union, Mar. Pol. 42 (2013) 111–124, 
https://doi.org/10.1016/j.marpol.2013.02.010. 
[11] K. Morrissey, V. Cummins, Measuring relatedness in a multisectoral cluster: an 
input-output approach, Eur. Plann. Stud. 24 (2016) 629–644, https://doi.org/ 
10.1080/09654313.2015.1127898. 
[12] OECD, The Ocean Economy in 2030, OECD, 2016, https://doi.org/10.1787/ 
9789264251724-en. 
[13] K. Morrissey, Using secondary data to examine economic trends in a subset of 
sectors in the English marine economy: 2003-2011, Mar. Pol. 50 (2014) 135–141, 
https://doi.org/10.1016/j.marpol.2014.05.018. 
[14] G.J. Allan, P. Lecca, P.G. Mcgregor, J.K. Swales, The economic impacts of marine 
energy developments: a case study from Scotland, Mar. Pol. 43 (2014) 122–131, 
https://doi.org/10.1016/j.marpol.2013.05.003. 
[15] Oxford Economics, The economic impact of the UK maritime services sector: ports. 
http://www.ukchamberofshipping.com/media/filer_public/39/e8/39e8dab9- 
9f9a-412d-990a-5814d47ffc2e/economic_impact_of_uk_shipping_sector_-_feb_ 
2013_including_regional.pdf, 2013. 
[16] Oxford Economics, The economic impact of the UK maritime services sector. htt 
p://maritimelondon.com/wp-content/uploads/2014/10/The-economic-impact-o 
f-the-UK-maritime-services-sector_Combined_Final.pdf, 2015. 
[17] Cebr, The Economic Contribution of the UK Marine Industry, A report for Maritime 
UK, 2017. 
[18] I.C.F. ABPmer, Study of the Socio-Economic Benefits of Marine Industries, 2019. 
[19] D. Pugh, Socio-economic Indicators of Marine Related Activities in the UK 
Economy, The Crown Estate, 2008. 
[20] Department for Business Energy & Industrial Strategy, Digest of United Kingdom 
Energy Statistics, DUKES), 2019, 2019, https://assets.publishing.service.gov.uk/ 
government/uploads/system/uploads/attachment_data/file/822305/DUKES_2 
019_MASTER_COPY.pdf. 
[21] R. Green, N. Vasilakos, The economics of offshore wind, Energy Pol. 39 (2011) 
496–502, https://doi.org/10.1016/j.enpol.2010.10.011. 
[22] G. Allan, P.G. McGregor, J.K. Swales, K. Turner, Impact of alternative electricity 
generation technologies on the Scottish economy: an illustrative input-output 
analysis, Proc. Inst. Mech. Eng. Part A J. Power Energy. 221 (2007) 243–254, 
https://doi.org/10.1243/09576509JPE301. 
[23] D.H. Klinger, A. Maria Eikeset, B. Davíðsd�ottir, A.-M. Winter, J.R. Watson, The 
mechanics of blue growth: management of oceanic natural resource use with 
multiple, interacting sectors, Mar. Pol. 87 (2018) 356–362, https://doi.org/ 
10.1016/j.marpol.2017.09.025. 
[24] Office for National Statistics, UK national accounts, the blue book, 2018, htt 
ps://www.ons.gov.uk/economy/grossdomesticproductgdp/compendium/unitedk 
ingdomnationalaccountsthebluebook/2017, 2018. 
[25] M. Noori, M. Kucukvar, O. Tatari, Economic input–output based sustainability 
analysis of Onshore and offshore wind energy systems, Int. J. Green Energy 12 
(2015) 939–948, https://doi.org/10.1080/15435075.2014.890103. 
[26] M. Cordier, T. Uehara, J. Weih, B. Hamaide, An input-output economic model 
integrated within a system dynamics ecological model: feedback Loop 
methodology applied to fish Nursery restoration, Ecol. Econ. 140 (2017) 46–57, 
https://doi.org/10.1016/j.ecolecon.2017.04.005. 
[27] L. García-de-la-Fuente, E. Fern�andez-V�azquez, C. Ramos-Carvajal, A methodology 
for analyzing the impact of the artisanal fishing fleets on regional economies: an 
application for the case of Asturias (Spain), Mar. Pol. 74 (2016) 165–176, https:// 
doi.org/10.1016/j.marpol.2016.09.002. 
[28] C. Twomey, The economic impact of aquaculture expansion: an input-output 
approach, Mar. Pol. 81 (2017) 29–36, https://doi.org/10.1016/j. 
marpol.2017.03.014. 
[29] M.D. Garza-Gil, J.C. Surís-Regueiro, M.M. Varela-Lafuente, Using input–output 
methods to assess the effects of fishing and aquaculture on a regional economy: the 
case of Galicia, Spain, Mar. Pol. 85 (2017) 48–53, https://doi.org/10.1016/j. 
marpol.2017.08.003. 
[30] K. Morrissey, C. O’Donoghue, The role of the marine sector in the Irish national 
economy: an input–output analysis, Mar. Pol. 37 (2013) 230–238, https://doi.org/ 
10.1016/j.marpol.2012.05.004. 
[31] S.J. Kwak, S.H. Yoo, J.I. Chang, The role of the maritime industry in the Korean 
national economy: an input-output analysis, Mar. Pol. 29 (2005) 371–383, https:// 
doi.org/10.1016/j.marpol.2004.06.004. 
[32] Y. Wang, N. Wang, The role of the marine industry in China’s national economy: an 
input–output analysis, Mar. Pol. 99 (2019) 42–49, https://doi.org/10.1016/j. 
marpol.2018.10.019. 
[33] K. Morrissey, A location quotient approach to producing regional production 
multipliers for the Irish economy, Pap. Reg. Sci. 95 (2016) 491–506, https://doi. 
org/10.1111/pirs.12143. 
[34] J.T. Kildow, A. McIlgorm, The importance of estimating the contribution of the 
oceans to national economies, Mar. Pol. 34 (2010) 367–374, https://doi.org/ 
10.1016/j.marpol.2009.08.006. 
[35] K. Morrissey, C. O’Donoghue, S. Hynes, Quantifying the value of multi-sectoral 
marine commercial activity in Ireland, Mar. Pol. 35 (2011) 721–727, https://doi. 
org/10.1016/j.marpol.2011.02.013. 
[36] R. Zhao, S. Hynes, G. Shun He, Defining and quantifying China’s ocean economy, 
Mar. Pol. 43 (2014) 164–173, https://doi.org/10.1016/j.marpol.2013.05.008. 
[37] S.K. Park, J.T. Kildow, Rebuilding the classification system of the ocean economy, 
J. Ocean Coast. Econ. 2014 (2014), https://doi.org/10.15351/2373-8456.1001. 
Article 4. 
[38] Eftec, Developing UK Natural Capital Accounts, Marine, 2015. 
[39] Marine Scotland, Scotland’s national marine plan: A single framework for 
managing our seas. http://www.gov.scot/Publications/2015/03/6517/0, 2015. 
[40] Marine Management Organisation, Economic Baseline Assessment for the North 
East, North West, South East and South West Marine Plans, A Report Produced for 
the Marine Management Organisation by Atkins, MMO Project No: MMO1119, 
2016. 
[41] Office for National Statistics, United Kingdom Input-Output Analytical 
Tables 2014, 2018. 
[42] Office for National Statistics, Annual Business Survey 2015 Revised Results, 2017. 
[43] Bureau van Dijk, FAME Database, 2019. http://fame.bvdep.com. (Accessed 27 
August 2019). 
[44] Office for National Statistics, Quality and Methodology Information: Business 
Register and Employment Survey, 2015. 
[45] Office for National Statistics, Labour force survey results: employment by industry. 
https://www.ons.gov.uk/employmentandlabourmarket/peopleinwork/empl 
oymentandemployeetypes/datasets/employmentbyindustryemp13, 2019. 
[46] Office for National Statistics, UK business register and employment survey (BRES): 
2014 revised and 2015 provisional. https://www.ons.gov.uk/employmentandlabo 
urmarket/peopleinwork/employmentandemployeetypes/bulletins/businessregiste 
randemploymentsurveybresprovisionalresults/2014revisedand2015provisional, 
2016. 
[47] British Geological Survey, Minerals produced in the United Kingdom 2014. http:// 
www.bgs.ac.uk/mineralsuk/statistics/UKstatistics.html, 2017. 
[48] VisitBritain, Inbound tourism to Britain’s nations and regions. http://www.visitbrit 
ain.org/sites/default/files/vb-corporate/Documents-Library/documents/Regional 
_Activities_report_FINAL_COMPRESSED.pdf, 2013. 
[49] VisitBritain, Great Britain Tourism Survey (GBTS): Statistics 2014, 2015. 
[50] Marine Management Organisation, Exploring the Potential of Using Office for 
National Statistics (ONS) Data for Marine Planning, A Report Produced for the 
Marine Management Organisation, MMO Project No: 1075, 2014, ISBN 978-1- 
909452-37-4. 
[51] R.E. Miller, P.D. Blair, Input–Output Analysis, Cambridge University Press, 
Cambridge, 2009, https://doi.org/10.1017/CBO9780511626982. 
[52] Department of Energy and Climate Change, Uk Energy in Brief 2015, 2015, p. 5. 
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/ 
350941/UK_Energy_in_Brief_2014_revised.pdf. 
[53] Office for National Statistics, Low carbon and renewable energy economy - 
multipliers dataset 2015. https://www.ons.gov.uk/economy/environmentalacc 
ounts/datasets/lowcarbonandrenewableenergyeconomymultipliersdataset, 2017. 
[54] Office for National Statistics, Low Carbon and Renewable Energy Economy - Total 
Activity Dataset 2015, 2016. 
E. Stebbings et al.                                                                                                                                                                                                                               
Marine Policy 116 (2020) 103905
10
[55] The Crown Estate, Marine aggregate dredging 1998-2007. https://www.thecr 
ownestate.co.uk/media/2870/marine-aggregate-dredging-1998-2017-a-twenty-ye 
ar-review.pdf, 2018. 
[56] Office for National Statistics, Domestic Extraction: Non-metallic Minerals, 2018. 
https://www.ons.gov.uk/economy/grossdomesticproductgdp/timeseries/mu4e 
/bb. (Accessed 12 September 2019). 
[57] C.H. Liu, M. Lenzen, J. Murray, A disaggregated emissions inventory for Taiwan 
with uses in hybrid input-output life cycle analysis (IO-LCA), Nat. Resour. Forum 
36 (2012) 123–141, https://doi.org/10.1111/j.1477-8947.2012.01439.x. 
[58] T. Wiedmann, S. Suh, K. Feng, M. Lenzen, A. Acquaye, K. Scott, J.R. Barrett, 
Application of hybrid life cycle approaches to emerging energy technologies - the 
case of wind power in the UK, Environ. Sci. Technol. 45 (2011) 5900–5907, 
https://doi.org/10.1021/es2007287. 
[59] M. Lenzen, R. Wood, T. Wiedmann, Uncertainty analysis for multi-region input - 
output models - a case study of the UK’S carbon footprint, Econ. Syst. Res. 22 
(2010) 43–63, https://doi.org/10.1080/09535311003661226. 
[60] T. Wiedmann, M. Lenzen, R. Wood, Uncertainty Analysis of the UK-MRIO Model – 
Results from a Monte-Carlo Analysis of the UKMulti- Region Input-Output Model 
(Embedded Emissions Indicator), Report to the UK Department for Environment, 
Food and Rural Affairs by Stockholm Environment Institute at the University of 
York and Centre for Integrated Sustainability Analysis at the University of Sydney, 
2008. papers3://publication/uuid/D65B4D08-4289-4DB7-A181-6DB6FC16B860. 
[61] Marine Science Co-ordination Committee, Economic value and employment in the 
UK of activities carried out in the marine environment. http://www.gov.scot/ 
Resource/0046/00466811.pdf, 2015. 
[62] Office for National Statistics, Labour force survey results: public sector 
employment by industry. https://www.ons.gov.uk/employmentandlabourmarket 
/peopleinwork/employmentandemployeetypes/datasets/publicsectoremployment 
byindustryemp03, 2019. 
[63] Office for National Statistics, United Kingdom Input-Output Analytical 
Tables 2005, 2019. www.ons.gov.uk/economy/nationalaccounts/supplyanduset 
ables/datasets/ukinputoutputanalyticaltablesdetailed. (Accessed 19 June 2019). 
[64] Office for National Statistics, Region by industry labour productivity. https: 
//www.ons.gov.uk/economy/economicoutputandproductivity/productivitymeasu 
res/datasets/industrybyregionlabourproductivity, 2019. 
[65] European Commission, The 2018 Annual Economic Report on EU Blue Economy, 
2018, https://doi.org/10.2771/305342. 
[66] M. Whitmarsh, C. Canning, T. Ellson, V. Sinclair, M. Thorogood, The UK offshore 
wind industry: supply chain review. https://cdn.ymaws.com/www.renewableuk. 
com/resource/resmgr/publications/supply_chain_review_31.01.20.pdf, 2019. 
[67] ORE Catapult, Impact study into the development of the UK offshore renewable 
energy industry to 2020. https://ore.catapult.org.uk/documents/10619/101377/p 
df/808ecf6e-4392-40e3-9d89-bf8458a6a2ca, 2014. 
[68] G. Allan, K. Connolly, P. Mcgregor, A.G. Ross, Economic Activity Supported by 
Offshore Wind, A Hypothetical Extraction Study (2019). 
[69] M. Voke, I. Fairley, M. Willis, I. Masters, Economic evaluation of the recreational 
value of the coastal environment in a marine renewables deployment area, Ocean 
Coast Manag. 78 (2013) 77–87, https://doi.org/10.1016/j. 
ocecoaman.2013.03.013. 
[70] T. Hooper, C. Hattam, M. Austen, Recreational use of offshore wind farms: 
Experiences and opinions of sea anglers in the UK, Mar. Pol. 78 (2017) 55–60, 
https://doi.org/10.1016/j.marpol.2017.01.013. 
[71] S. Pouso, M.C. Uyarra, �A. Borja, The recovery of estuarine quality and the 
perceived increase of cultural ecosystem services by beach users: a case study from 
northern Spain, J. Environ. Manag. 212 (2018) 450–461, https://doi.org/10.1016/ 
j.jenvman.2018.02.033. 
[72] C. Willis, E. Papathanasopoulou, D. Russel, Y. Artioli, Harmful algal blooms: the 
impacts on cultural ecosystem services and human well-being in a case study 
setting, Cornwall, UK, Mar. Pol. 97 (2018) 232–238, https://doi.org/10.1016/j. 
marpol.2018.06.002. 
[73] C. Pe~na-Alonso, L. Hern�andez-Calvento, E. P�erez-Chac�on, E. Ariza-Sol�e, The 
relationship between heritage, recreational quality and geomorphological 
vulnerability in the coastal zone: a case study of beach systems in the Canary 
Islands, Ecol. Indicat. 82 (2017) 420–432, https://doi.org/10.1016/j. 
ecolind.2017.07.014. 
[74] S.E. Rees, S.C. Mangi, C. Hattam, S.C. Gall, L.D. Rodwell, F.J. Peckett, M.J. Attrill, 
The socio-economic effects of a Marine Protected Area on the ecosystem service of 
leisure and recreation, Mar. Pol. 62 (2015) 144–152, https://doi.org/10.1016/j. 
marpol.2015.09.011. 
[75] M. Gascon, W. Zijlema, C. Vert, M.P. White, M.J. Nieuwenhuijsen, Outdoor blue 
spaces, human health and well-being: a systematic review of quantitative studies, 
Int. J. Hyg Environ. Health 220 (2017) 1207–1221, https://doi.org/10.1016/j. 
ijheh.2017.08.004. 
[76] S. V€olker, T. Kistemann, The impact of blue space on human health and well-being 
– Salutogenetic health effects of inland surface waters: a review, Int. J. Hyg 
Environ. Health 214 (2011) 449–460, https://doi.org/10.1016/j. 
ijheh.2011.05.001. 
[77] E. Papathanasopoulou, M.P. White, C. Hattam, A. Lannin, A. Harvey, A. Spencer, 
Valuing the health benefits of physical activities in the marine environment and 
their importance for marine spatial planning, Mar. Pol. 63 (2016) 144–152, 
https://doi.org/10.1016/j.marpol.2015.10.009. 
[78] B.W. Wheeler, M. White, W. Stahl-Timmins, M.H. Depledge, Does living by the 
coast improve health and wellbeing, Health Place 18 (2012) 1198–1201, https:// 
doi.org/10.1016/j.healthplace.2012.06.015. 
[79] Marine Management Organisation, UK Sea Fisheries Statistics, 2014, 2015. 
[80] Ministry of Defence, Annual Report and Accounts 2014-2015, 2015. www.gov. 
uk/government/publications. 
[81] Marine Management Organisation, UK Sea fisheries statistics, 2018, www.marin 
emanagement.org.uk/fisheries/statistics, 2017. 
[82] Ignite Economics, The Economic Contribution of the UK Hospitality Industry, 
2018. 
[83] N. Lee, A. Green, P. Sissons, Low-pay sectors, earnings mobility and economic 
policy in the UK, Pol. Polit. 46 (2018) 347–369, https://doi.org/10.1332/ 
030557317X15072086455899. 
[84] Office for National Statistics, ABS quality measures. https://www.ons.gov.uk/s 
urveys/informationforbusinesses/businesssurveys/annualbusinesssurvey, 2019. 
[85] Natural Capital Committee, How to Do it: a Natural Capital Workbook, 2017, p. 31. 
Version 1, https://www.gov.uk/government/uploads/system/uploads/attachm 
ent_data/file/608852/ncc-natural-capital-workbook.pdf. 
[86] Hm Government, A. Green Future, Our 25 Year plan to improve the environment. 
https://www.gov.uk/government/publications/25-year-environment-plan, 2018. 
[87] G. Allan, D. Comerford, K. Connolly, P. McGregor, Incorporating natural capital 
into A computable general Equilibrium model for Scotland, in: 27th Int. Input- 
Output Assoc. Conf., Glasgow, UK, 2019. https://strathprints.strath.ac. 
uk/68875/1/Allan_etal_IIOA_2019_Incorporating_natural_capital_into_a_computa 
ble_general_equilibrium_model.pdf. 
[88] I. Dickie, P. Cryle, L. Maskell, UK National Ecosystem Assessment Follow-On. Work 
Package Report 1: Developing the Evidence Base for a Natural Capital Asset Check: 
what Characteristics Should We Understand in Order to Improve Environmental 
Appraisal and Natural Income Accounts? UNEP-WCMC, LWEC, UK, 2014. htt 
p://uknea.unep-wcmc.org/LinkClick.aspx?fileticket¼ALFqJld0K8o%3D&ta 
bid¼82. 
[89] Office for National Statistics, Natural Capital Accounting 2020 Roadmap: Interim 
Review and Forward Look, 2015. 
[90] Marine Management Organisation, Economic Baseline Assessment of the South 
Coast, 2013. 
E. Stebbings et al.                                                                                                                                                                                                                               
